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Summary Background. The increasing use of long-lasting nail aesthetic products has led to a
growing number of cases of allergic contact dermatitis (ACD) caused by (meth)acrylates
in recent years.
Objectives. To provide information on ACD caused by (meth)acrylates related to nail
cosmetic products.
Methods. We retrospectively reviewed files of patients with ACD caused by
(meth)acrylates related to nail cosmetic products, who were patch tested between
January 2011 and December 2015 in 13 departments of dermatology in Portugal.
Results. Two-hundred and thirty cases of ACD caused by (meth)acrylates (55 tech-
nicians, 56 consumers, and 119 with mixed exposure) had been documented, mostly
as chronic hand eczema (93%). The most common sensitizers were: 2-hydroxyethyl
methacrylate (HEMA), which was positive in 90% of the tested patients, 2-hydroxypropyl
methacrylate (HPMA), which was positive in 64.1%, and ethyleneglycol dimethacrylate,
which was positive in 54.5%.
Conclusion. HEMA and HPMA were the most frequent positive allergens. HEMA, which
identified 90% of cases, can be considered to be a good screening allergen. The high
number of cases of ACD caused by (meth)acrylates in nail cosmetic products certainly
warrants better preventive measures at the occupational level, and specific regulation in
the field of consumer safety.
Key words: acrylates; allergic contact dermatitis; artificial nails; methacrylates;
occupational.
Acrylates and methacrylates [summarized as
(meth)acrylates in the following] are chemical derivatives
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of (meth)acrylic acid, and yield acrylic plastics after poly-
merization. (Meth)acrylates are used in a wide range of
occupational settings as glues, coatings, and plastic mate-
rials, both in industrial work and in dental restorative
work (1, 2). Although acrylic plastic polymers nor-
mally do not cause contact allergy, their monomeric and
dimeric forms have high sensitizing potency, and thus can
cause allergic contact dermatitis (ACD) in such occupa-
tional settings (1, 3). Given the relevance of this problem,
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recommendations for adequate personal protection and
the development of ‘non-touch’ techniques have been
implemented in the past years, in order to reduce the
allergic burden of (meth)acrylates, particularly in the
industrial and dentistry fields.
More recently, the popularity and growing use of nails
made from (meth)acrylates and long-lasting acrylic nail
lacquer have created another source of occupational and
consumer exposure to (meth)acrylates, and an increase
in the frequency of work-related ACD in exposed nail
technicians (beauticians) has been identified (4–7). Nail
aesthetics are subdivided into: (i) acrylic nails formed
from a mixture of powder and liquid (meth)acrylates,
which polymerize; (ii) photobonded/gel nails, made by
applying acrylate gel over the nail plate alone or with
the addition of a tip to extend the nail plate, and then
polymerizing under ultraviolet (UV) light; (iii) press-on
nails; and (iv) ‘silk nails.’ The last two of these repre-
sent pre-formed nails that are glued onto natural nails
(8). Acrylic and gel nails do not polymerize completely
after mixing, with or without hardening with UV light,
and monomers are therefore still present when nails are
sculpted (9). Pre-formed nails (press-on and ‘silk nails’)
do not contain (meth)acrylate monomers, and their use
does not cause ACD caused by these allergens. However,
the chemical compound present in almost every glue
that is used to attach pre-formed nails – ethyl cyanoacry-
late – has been reported as an allergen in this setting
(8). Although cyanoacrylates do not cross-react with
(meth)acrylates, they may be independently responsible
for sensitization, and represent another trigger of ACD in
artificial nail technicians and users (8, 10, 11).
Given the importance of this subject, the aim of our
study was to identify and characterize cases of ACD caused
by (meth)acrylates in users and technicians of nail aes-
thetics in 13 Portuguese departments of dermatology dur-
ing a 5-year period.
Materials and Methods
We retrospectively reviewed the files of patients with ACD
caused by (meth)acrylates in relation to nail aesthet-
ics, who were patch tested between January 2011 and
December 2015 in 13 departments of occupational and
environmental dermatology in Portugal. All patients were
patch tested with the Portuguese and European baseline
series and an extended series of 15–17 (meth)acrylates
(Chemotechnique Diagnostics, Vellinge, Sweden). The
indication for patch testing was based on the presence of
eczema in users or technicians exposed to nail cosmetic
products. The allergens were placed in Finn Chambers®
on Scanpor® tape (20 mg in 8-mm chambers), and imme-
diately applied to the patient’s upper back. Allergens were
left in place for 48 h, and readings were performed on
day (D) 3 for all patients. Patients were instructed to
return on D7 if late additional reactions were observed,
which is a common practice to reduce false-negative
readings in our Portuguese network. Scoring of positive
reactions comprised weak (+), strong (++) and extreme
(+++) positive reaction grades according to ICDRG and
ESCD recommendations (12). Demographic and clinical
profiles of all patients were collected according to the
MOAHLFA index (Male, Occupational, Atopy, Hand, Leg,
Face, Age ≥40 years).
Results
During the study period, among a total of 11 639 patients
patch tested in the 13 departments, 230 (1.97%) cases of
ACD caused by (meth)acrylates were detected, and clas-
sified as clinically relevant. Unfortunately, the number
of patients tested with the (meth)acrylates series could
not be exactly determined with the case series design
used. Regarding the source of exposure, 23.9% (n=55)
were occupationally exposed, 24.4% (n=56) were con-
sumers, and 51.7% (n=119) were exposed both as con-
sumers and occupationally. The mean age of the patients
was 36.9 years (age range 20–65 years), and all patients
were females. A background of personal atopy or atopy
in the family was identified in 77 patients (33.5%). The
most common presentation was chronic hand eczema
(93%, n=214), mainly as pulpitis with fissures (77.8%,
n=179). Nail dystrophy affected 48 patients (20.9%),
namely, 2 with occupational exposure, 15 consumers,
and 31 with mixed exposure. Ectopic lesions on the face
were detected in 81 patients (35.2%), namely, 15 with
exclusively occupational exposure, 18 consumers, and
48 with mixed exposure. In nail technicians, the average
time before symptoms developed after the technicians had
started to work in the profession was 24.9 months (range
1 month to 8 years).
The most common sensitizers among the 230 allergic
individuals were: 2-hydroxyethyl methacrylate (HEMA),
which was positive in 198 cases (90% of 220 patch
tested patients), 2-hydroxypropyl methacrylate (HPMA),
which was positive in 120 patients (64.1% of 187 tested
patients), and ethyleneglycol dimethacrylate (EGDMA),
which was positive in 121 patients (54.5% of 222 tested
patients). Positive patch test reactions to ethyl cyanoacry-
late were observed in 13 patients, of whom all reacted
to other meth(acrylates) (9 reacted to both HEMA and
HPMA, 3 reacted to HEMA, and 1 reacted to EGDMA).
Of the 22 patients who did not react to HEMA,
7 reacted to HPMA. The combination of these
two allergens (HEMA+HPMA) identified a total of
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93.4% of our patients, and the addition of EGDMA
(HEMA+HPMA+ EGDMA) identified 96.8%. The com-
bination of (meth)acrylates that identified all patients
in our series was: HEMA, HPMA, EGDMA, triethy-
lene glycol dimethacrylate, methyl methacrylate, ethyl
methacrylate, ethyl acrylate, and hydroxyethyl acrylate.
Discussion
This study with 230 cases of ACD caused by
(meth)acrylates used in nail cosmetic products represents
one of the largest series concerning this problem, high-
lighting its increasing importance in Portugal, as in other
European countries (11, 13). Other studies from Portugal
have shown that nail technicians now represent 80%
of occupational cases of ACD caused by (meth)acrylates
(13), and are the subgroup affected most by ACD (7),
reflecting an emerging profession-related health problem.
ACD caused by (meth)acrylates in nail cosmetic prod-
ucts usually manifests as hand eczema, especially with
periungual involvement. Although less common, ony-
cholysis, onychodystrophy and paraesthesia may occur
(3, 8, 14, 15). Ectopic lesions are frequently reported,
especially in nail artists, who apply the products on a
professional basis. Specifically, facial lesions may result
from airborne exposure to dust generated by nail sculpt-
ing or by evaporation of (meth)acrylate monomers during
the procedures, and also by transfer from contaminated
hands (3, 5, 8, 16, 17). Eczema on the wrists and fore-
arms can also occur, for example because of contact with
contaminated working surfaces or tools (13).
Previous studies aimed to establish a screening patch
test series that would allow the identification of the
majority of cases of ACD caused by (meth)acrylates (8,
11, 13, 17–20). In our study, HEMA and HPMA were
the most frequent positive allergens and, in agreement
with prior studies, HEMA represents a good screening
allergen, identifying 90% of allergic patients in our
series. The screening sensitivity can be enhanced by the
addition of HPMA to HEMA (93.4%) and of EGDMA to
HEMA+HPMA (96.8%). Testing with a limited number
of allergens instead of a whole (meth)acrylate series may
prove to be important in order to avoid the numerous
(strong/extreme) positive reactions frequently observed
in this setting, and to minimize the risk of active sen-
sitization (13). The authors consider the frequency of
ACD caused by (meth)acrylates observed in our study to
provide relevant support for the inclusion of HEMA in the
Portuguese baseline series, in view of the good screening
sensitivity and the growing use of (meth)acrylates in per-
sonal and occupational settings. Moreover, the fact that
ectopic lesions sometimes constitute the only cutaneous
presentation makes initial suspicion of (meth)acrylate
contact allergy difficult, and favours routine applica-
tion (21).
In addition, the patch test concentration of the aller-
gens is important, as too high a concentration may lead to
active sensitization, and too low a concentration may lead
to false-negative results. The concentrations generally
established as safe are 0.1%, 2% and 10% pet. for acry-
lates, methacrylates, and cyanoacrylates, respectively (1).
For allergen storage and the application of patches, the
high reactivity and volatility, respectively, need to be con-
sidered. Following their removal from the freezer, aller-
gens should be immediately applied to the patient’s back
to prevent evaporation from the test chambers, which is a
possible cause of false-negative results (1, 19, 22).
Full product labelling to identify products that can be
used by the patient is of limited help in this setting, as
each product usually contains multiple acrylic contam-
inants that are not identified on the product package in
addition to the main (meth)acrylate ingredients. More-
over, cross-reactivity between different (meth)acrylates
may occur, limiting the usefulness of recommenda-
tions of theoretically safe products (8). Furthermore,
all patients who reacted to ethyl cyanoacrylate also
reacted to (meth)acrylates in our series. The latter
represent patients who were previously sensitized to
(meth)acrylates by regular application of gel/acrylic
nails, and who later altered their artificial nail type to
pre-formed products (press-on or ‘silk nails’). This fact
may indicate that, although pre-formed nails themselves
can be considered to be non-sensitizing, other allergens
present in the glue, such as ethyl cyanoacrylate, may
cause ACD. Ethyl cyanoacrylate is another trigger of
ACD in this occupational area, highlighting the need
for caution when counselling patients about alternative
products, namely pre-formed nails.
Given the facts discussed above, the best way to prevent
sensitization is to implement personal safety measures,
preferably early in the course of training, in order to
reduce occupational exposure (4, 8). Latex, vinyl and
nitrile gloves are rapidly permeated by (meth)acrylate
monomers, and are thus inefficient as a sole protection
measure, and would require frequent replacement (23).
The 4H® (ethylene–vinyl alcohol–polyethylene) gloves
offer the most effective protection. However, these gloves
are bulky and inelastic, and impair dexterity (24), unless
only the fingertips of the gloves are used below classic
latex or vinyl gloves. A recent publication has shown that
certain gloves, namely some nitrile gloves, can prevent
(meth)acrylate permeation and the elicitation of positive
patch test reactions for periods as long as 60 min, which
is sufficient for work on one single client (25). The use
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of ‘non-touch’ techniques, keeping occupational object
surfaces clear from residues and frequently changing
disposable gloves should generally be advised (8, 13, 17).
The growing use of home kits designed for
non-professional use is another target for establishing
personal safety measures for consumers (26).
Our study has some limitations, given its retrospective
nature, namely that not all patients were tested with
the entire (meth)acrylate series (for example, 4.3% were
not tested with HEMA), for instance because of a lack
of allergen supply in a given department for a period,
or deliberate omission because of positivity to other
(meth)acrylates. Moreover, the retrospective collection
of data in our study limited the analysis of the exact
proportion of patients identified by late readings (D7),
limiting the conclusions that can be drawn regarding the
percentage of false-negative readings on D3. As data were
collected only during certain periods within the actual
study interval in some centres, time trends of sensitiza-
tion during this period could not be addressed, and nor
could the proportion of positive patients among all tested
patients be determined.
Nonetheless, the authors would like to highlight the
high number of cases of ACD caused by (meth)acrylates
related to cosmetic nail products, both occupationally and
in consumers. This, together with other reports of such
data, should alert authorities to take regulatory measures
concerning the safety of consumers, and to promote edu-
cational and preventive measures among nail technicians
and consumers.
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